This paper presents a solar driven process to generate cold water for air-conditioning by parabolic trough collectors and a steam jet ejector chiller. The only working fluid in the system is water, which is used as refrigerant and working fluid. The operational behaviour of such a system has been investigated by a small test rig. The investigation shows that the cooling water temperature as well as the cold water temperature has a strong influence on the coefficient of performance of a steam jet ejector chiller. The coefficient of performance reaches high values in part load and at good re-cooling conditions, so that the mean efficiency is clearly higher than the nominal efficiency of the system. A first calculation of profitability leads to specific cold cost of 0.62 /kWh in Germany and 0.15 /kWh in Egypt.
Introduction
The rapid growth of energy demand and the changing situation in the energy sector with more * [8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21] . The solar SJEC is assessed to be reliable in operation because of its simplicity in design and in construction but it only has a moderate nominal COP value. The use of conventional refrigerants enables the operation of the SJEC with heat at a low temperature level, which can be provided by, for example, flat plate collectors.
In refs. [22, 23, 24, 25, 26] water is considered as refrigerant and working fluid. The PTC is marked with (1) in the photograph. It has a total collector size of 10.5 m². The frame with the SJEC stands close to the PTC on the right hand side of the photograph. The steam jet compressor (2) is arranged above the evaporator (3). The steam drum (4) is delivering the motive steam for the SJEC. A plate heat exchanger (5) is used as condenser and a 4 convective cooler (6) is simulating the cold consumer for the test runs. Figure 2 shows the process flow scheme of the test rig.
Figure 2
Process flow scheme of the test rig.
A PTC is a concentrating solar collector, which focuses the solar radiation on an absorber pipe by a parabolic mirror. The parabolic mirror is only able to focus direct normal radiation and consequently must be tracked according to the sun movement by a tracking system. The tracking system of the test rig consists of a small microcontroller to steer a direct-current motor, which is used to move the PTC around a horizontal axis via a chain drive. The absorber pipe is coated with a selectively blackened nickel surface and surrounded by tough Pyrex glass. It transforms the radiation into thermal energy and transfers the heat energy to a heat transfer fluid, which flows through the absorber pipe. According to [28] 1%. The measurement data acquisition system DAVID, more details in [29] , is used for the data recording.
Experimental runs
The test rig was operated in summer 2005 outside in Oberhausen, Germany (51 o 28'N lat. 
Operational characteristics of the test rig
Main components of the solar SJEC are the solar collector and the steam jet ejector chiller, so that the operational behaviour of the system can be discussed by analysing the characteristics of the solar collector efficiency η and the COP of the steam jet ejector chiller under changing operational conditions.
The efficiency η of a solar collector can be described by the correlation according to equation
(1) taken from [30] , which describes the efficiency η as a function of the solar radiation I and the temperature difference between the solar collector col T and the ambient air a T .
The parameters 0 The COP can be defined as ratio of cold capacity 0
The product of COP of the refrigeration cycle and efficiency η of the solar collector form the total efficiency tot η of the system. Based on the measurement data of the test runs the efficiency η and the COP are determined for different operational conditions. In the diagram of (1) are calculated and also plotted into diagram. m & , the COP can be calculated according to equation (2) . Figure 9 shows the COP of 10 the investigated SJEC related to the evaporator temperature 0 T and the condenser temperature C T . Katrine in Egypt. The simulations were made with the PTC type RMT discussed above and the VTC type Allstar. Additionally, also PTC type PT of the manufacture IST was simulated. The type PT is the standard PTC of the company IST and has got a bigger parabolic mirror than the type RMT. According to the manufacturer, the optical efficiency 0 η is 0.6931, the parameter for the heat loss 1 k is 0.4755 and 2 k is 0.003125. The annual specific heat gains and the mean efficiencies of the solar collectors are given in table 2.
Table 2
Specific heat gain and mean efficiency of the solar collectors.
Apart from St. Katrine with a solar radiation ratio of direct to global of nearly 0.7, the VTC have a better specific gain of heat per square meter and year than the PTC. The PTC type PT has got the best annual mean efficiency of all three solar collectors. The smaller PTC type RMT can not compete with the PTC types PT or VTC. Its advantage is its light construction which enables an on-roof installation.
The SJEC was simulated in analogy to the solar collectors with the operational behaviour described above. The operational conditions were simulated hourly and the COP value and the cold capacity were calculated for each time step. For the calculation the cold capacity was classified into three load conditions (50, 75 and 100% of cold capacity), similar to the concept of integrated part load values (IPLV) according to ARI Standard 550/560/590-98. A defined cooling start temperature served as switch-on condition for the SJEC. The mean COP is evaluated for each load condition and afterwards the annual mean COP is determined. In table 3 the results of the simulation are given. Table 3 Simulated mean COP values of the SJEC.
The COP at part load is higher than the COP at full load under nominal operational condition.
This leads to a higher annual mean COP than under full load condition. Furthermore, the SJEC reaches good annual mean COP values at locations with a low maximal wet-bulb temperature, especially in St. Katrine in Egypt.
Economic aspects of a solar SJEC
Finally the economic aspects of a solar SJEC for cold water generation for air conditioning are calculated based on the simulation results. At first the heat price is calculated by using a PTC of the type PT and a VTC of the type Allstar. The heat price is calculated for a collector area of 100, 500 and 5000 m² for all five locations. In table 4 the results of the economical calculation are given.
Table 4
Calculation of the heat costs induced by PTC and VTC.
The calculation shows that PTCs are more economic for large-area collector fields.
Furthermore, the location of an installation, especially the ratio global dir I I / , has influence on the solar yield and its economy. At locations with a lower ratio global dir I I / , the VTC could be more suitable than the PTC.
Last but not least, the costs of the cold generation by SJEC are calculated for the five locations. The cold capacity is assumed to be 200 kW. The COP as well as the operating time are based on the same simulation as before. The results of this calculation are given in table 5. Table 5 Calculation of the cold costs with SJEC.
The specific cold costs range from 0.619 /kWh in Essen, Germany, to 0.147 /kWh in St.
Katrine, Egypt (the specific cold costs of electrical driven refrigerators with the assumption above: 0.11 /kWh in Germany and 0.07 /kWh in Egypt). The investment costs have the main relevance on the cold costs. A future standardisation of the system, especially of the SJEC, would lead to a further reduction of the investment costs and the related cold costs.
Summary and Prospects
The solar driven SJEC is an interesting device for solar cooling. Previously, solar driven SJECs with water as refrigerant and working fluid have only been investigated theoretically. At the moment, there are neither demonstration plants nor prototypes and the operational behaviour of such a system is unknown. Due to the fact that SEJC are simple in construction they have a high cost reduction potential. Furthermore, water can serve as only working fluid in the whole system, which will guarantee an ecologically friendly concept of chilled water supply.
Within the research work presented, a small test rig was used to investigate the concept of a solar driven SJEC with parabolic trough collectors. The operational behaviour of the test rig is [27] , which enabled this work. Furthermore, the author would like to thank the company Paradigma, Germany, for the kind donation of a VTC.
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